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^ (57) Abstract: Diamines represented by the general formula [1]; polyimide precursors and polyimides produced by using the di- 
lf) amines as one of the raw materials; and liquid crystal aligning agents containing the precursors and/or the polyimides: [1] wherein 
O R 1 is a trivalent organic group; X 1 and X 2 are each a divalent organic group; X 3 is an alkyl or fluoroalky 1 group having 1 to 22 carbon 
fsj atoms, or a cyclic group selected from among aromatic rings, aliphatic rings, heterocycles, and rings and cycles derived therefrom 
O by substitution; and n is an integer of 2 to 5. 
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H 2 N-R 1 — NH 2 
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(5£*> X 4 tt¥^^, x-rJV^^ (-O-) , x^t-^^^- (- 
C O O - ) , flXfJ^^ (-OCO-) , 7 5^^ (-CON 
H-) fei^75 b*ifg£- (-NHCO-) X 4 ©^^- 

T fc> ^ £ to 75: VO 



ff^Ktt*^^, -O-, -OCH2-, -CH2O-, - 

cooch 2 -, -ch,ooc-j: tja«n«#«3iT»o, £ e> 

fc: 0 * b < fc* j£ tf* ^ ^ & - o - , - O C H 2 - , — C O O C H 2 — , 
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i£ & E fa K £ L T ffl V> S » © 1ft J? »4 » jl 3t 0 . 0Um*5 1. 

<HWJ l > 
^7 5> { 5 } 




3000iltXl7 77 3fc3, 5-5?kHn*^$ItR ( 120. 76g) , 
MM (6.8ml) > *&J—)V ( 1360ml) S Jn ^ 2 4 P# W WWt L 
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{1} (71. 78g. 55%, mp: 181-182*0 
1H-NMR (d-DMSO, 6 ppm) : 9. 58 (2H, S) . 6. 75 (2H, S) , 6. 37 (1H. S) , 

3. 73 (3H, S). 

500ml {1} (20. 03g) , 1-7*P ^ F "rti > (65. 

21g) , kI^'J^A (36. 20g) , DMF (400ml) £ Jm j?U 100t:T 

&^w?tkmv. mm vitmft&mmvit t z. *>&&m$t 121 (5 

7. 16« r 95%, mp:84-86'C) £#fc 0 

1H-NMR(CDC13, 6 ppm) : 7. 16 (2H, S) , 6. 63 (1H, S) , 3. 96 (4H, t), 
3. 89 (3H. S). 1.77(4H, m), 1. 45 (4H, m) , 1. 27 (32H, broad) , 0. 88 (6H, 
t). 

tiSffliT. 1000ml 4 ~D □ 7 ^ X n l£LiAlH4 (6.04g) , THF 
(300ml) &Mx.LiMtt4<Dmmm&fcJ$.Vfco ^(D$>\Z, {2} (40. 
OOg) (DTHFmm. (300ml) ^rSTbfeo IT^Tf » 2 0P#Pp3M^ 

1 N-HC 1 SjBAfc. i^i^iEg^L, #£>nfclll#:£X-th 
^b'J^tBftlb&t'caifilSa {3} (32. 46g. 86%. mp:53 
-54*0 *ntc.o 

1H-NMR (d-DMSO, <5 ppm) : 6. 44 (2H. S) , 6. 29 (1H, S) , 5. 13 (1H, S) , 

4. 40 (2H, d), 3. 90 (4H, t), 1. 67 (4H, m) , 1. 38 (4H. m) , 1. 24 (32H, bro 
ad), 0. 85 (6H, t). 

500ml 4 O □ 7 ? X 3 \Z. {3} (30.07gK HUlf^7S>(6. 
70g) , THF (150ml) &tiQx.fro ^(D^\Z, 3, 5-^-hoIft^> 
(15.29g) (DTHFgi (100ml) £r&Tb£: 0 ITiTt, 

3 mmmwimwvrco Kmmm^m&^^L, puuxivi*. in- 

ItfeiSgil {4} (19. 45g, 47m%, mp^l^St:) £#fco 
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1H-NMR (CDC13, <5 ppm) :9. 24 0H. S), 9.18(2H,S), 6. 57 (2H, S) , 
6. 46 0H.S), 5. 38 (2H, S) , 3. 95 (4H, t) , 1. 77 (4H, m) . 1. 45 (4H, m) , 1. 
26 (32H, broad) , 0. 88 (6H, t) . 

1000ml 4 -O P y ? X n \z, {4} (35. 03g) , 1, > (4 

oomi) ^imx. Km^m^&.mmmhrcWiP t o,(o. eig) *m?irc 0 
Kf&^&tp *7kmmmnT\z l , so'ct 1 2mm, ist2 

jBEg^Lfeo mm.&n-'\ ; ¥-y->Tn&$kvrczi: zLznM&mgk {5} 

(9. 89g, 31%, mp:55-56t;) 
1H-NMR (CDC 13, 5 ppm) : 6. 8K2H.S), 6. 54 (2H, S) , 6. 41 (1H, S) . 
6. 18 OH, S), 5. 2K2H. S). 3. 93 (4H, t) , 1. 76 (4H, m) , 1. 42 (4H, m) . 1. 
26 (32H. broad). 0. 88 (6H, t). 

<mmm 2 > 

>^7 5> { 7 } (D-S®, 




500ml 4 -D U 7 ?X n \Z {3} (34. OOg) , 2, A-i? — h U $ n d ^ 
>-fcf> (14,51g) , ^m^U^A (14. 80g) > 18-^ ^ ^ >x-5=-;P 
(7. 54g) , THF (350ml) £Jn*.> 2 5 f^KiiM^ b fc 0 ^JfcH 
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Bn&ffigh {6} ( 14. 02g, 31%. 56-58*0 

1H-NMR (CDC13, <5 ppm) : 8. 76 <1H, s) , 8. 37(1H, d), 7. 2K1H. d). 
6. 55 (2H. s) . 6. 4K1H. s), 5. 29 (2H. S) , 3. 93(4H, t). 1. 76 (4H, m) , 1 
44(4H.m). 1. 26 (32H. broad). 0. 88 (6H. t) . 

500ml 4 -D a 7 ?7 n \z {6} (12. 0 1 g) , 1, 4-S? > ( 250m 

1) £J0;L, RJ&^Ss ^Ilii Ufcgfc, PtO,(0. 73g). & jDx.fco 
f.Ci, KBm%s* &ykmmm5\T\Z b, 45*C-e2 lftM, SiST2 

6 4fM^Lfc, KJfc»7«, *j8t«kDP tO,$|fet, 

^^/n-^if > = 6/4) ic J; D ffigiL, n-^-tf- > fiS.A b £ 
.C5ISfi^f B 17} (2. 51g. 20%, mp:52-53 < C) 

1H-NMR (CDC 1 3, <5 ppm) : 6. 65 (1H. d) . 6. 55(2H, s), 6. 39 (1H, s) . 
6. 13UH. s). 6. 03 (1H. d) . 4. 89 (2H. S) . 3. 92 (4H, t) , 3. 76 (2H. broa 
d). 3. 34 (2H, broad). 1. 75 (4H. m) . 1.4K4H. m). 1. 24 (32H, broad) . 
0. 88 (6H. t). 

<mmm 3 > 
* u -f 5 h (Dmm. 

mmm 1 niters. > {5} a. 48g. 2. somnoi) > 2, 2* - tf 

7 C4- (4-75 J 7 x J 7x-;P] :/ a A° > ( 1. 03g. 2. 50mmo 
1) , l,U,4->^o^>f h7*i^>izj|*« (0. 98g, 5.00 
mmol) , N-*5P;i/ t?D 'J F> (19. 52g) £;§V>, mU~UM&Lmm& 

1 5 2 m P a ■ s (2 5t :EIft«t|-) *7? & D > 
GPC (Gel Permeation Chromatography) m iz J: 0 MM V tiMM^ 
^^Tiiil 6 5 0 0 OTrabofeo 
(l§r/&#iJ 2 ) 

^JfeflJ 1 T#e>tlfe^T5 > {5} (0. 74g. 1. 25mmol) , 2, 2' - tf 
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7s [4- (f7$y7x;^-» 7i-Jk) -fun> ( 1. 54g, 3. 75mmo 
1) , U,U-y^o7^>7h7AJH>|z|*l (0. 98g, 5. 00 
mmol) > N-^^JUfn'J p> (18. 2 Ig) £J8V^ ^^l?|i;#LfilS^- 

Ctf>*g$t<D*£^tel 2 9 3mP a • s (2 5t::EM^Slt)TrfeD> 
GPCfeia V MfeV 7tS.it ft ^ -Skit 9 7 6 0 0 X'$>-z>tc o 
(-&J&M3) 

l*l«J 1 T# £> tlfc^T^ > {5} (0. 45g, 0. 75mmol) , 2, 2* -tf 
X (4- (4-7 5;7i;*-» 7°0/0 (1.74g. 4. 25mmo 

1) , 1, 2, 3, 4-~>i7 nzf? >^ h 7*;i/*>f zi7K^I (0. 98g, 5. 00 
mmol) , N-^^JUfn'J F> (17.69g) *m^. ^UlrmWLmm^ 
Kfo&ff^.mi&ftMmi 5wt %®#'J-f 5 Htum#:^^C 
£ £>2gi&<Z>3f&^« 5 1 8 4 m P a ♦ s (2 5 "C : E I|&Sf|-) 0 ^ 
G P C St<fc DtJttfclI¥^^1 l itt4 1 3 0 0 OT&ofCo 
(-£j£#J 4 ) 

^Jfcfll 1 Tr# &nfc^7 5 > {5} (0. 15g, 0. 25mmol) . 2, V -\f. 
7 (4- (4-75;7iy^-» 7x.—)Vl 7nn> (I. 95g. 4. 75mo 
1) , 1, 2, 3, 4-->^ n:/^ >T h 5t))V#>M = m7k® (0. 98g. 5. 00 
mmol) , I-^?JHfDU H> (17. 17g) £fflt^, 

£(DMm<D*&mte 9 6 O OmP a •' s (2 5 t C:EMfe^lt)TabO, 
GPCSCJ: Dimifcli¥^^flli 6 2 4 0 0 0 t^^c„ 
(-£j&#l5) 

^l«2ti&nfcy75> {7} (1. 46g. 2. 50mo1) , 2. 2'-H 
7, C4- (4-7$/7i7^y) 7 n /I > ( 1. 03g, 2. 50mmo 

1) , 1, 2, 3, 4-vi7 n ^ >5=- h ^ # >M ~ 4Szk#7 (0. 98g, 5. 00 
mmol) , N-^^;WtfDU H> (19.35g) 
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E©?&iRCD*!iSn*l 7 2 m P a • s (2 5*0 : E Sift* ft) TfeD, 
GP C fcfefcck D 4 1 2 0 0 Tffcofc. 

(-a 6 ) 

HJStfil 2 Tt# £> tlfc^T 5 > {7} (0. 73g, 1. 25mmol) , 2, 2"-tf 
7, [4- / 7 x J *rzs) 7iZJl.) ^n/1> (1. 54g. 3. 75mmo 

1) , 1. 2, 3, uy'f yj- V ? ft )Vt$>Wl- m^^} (0. 98*. 5. 00 

mmol) , N-pt 5P;i/k* □ U K> (18. 13g) 

£/S£fT<^@?£#^S 1 5wtX<0#'J-r$ Filft^tF^ffc. 
£0M©*i5gte4 33mPa-s (25t : EM^Sit) tit), 
GPCStCj:Dil^bfcll¥i|^?ttt7 8 9 0 0 T&ofc. 
<*1W 4 ~ 9 > 

HJSM 3 (l=i-/&0il 1 ~ 6 ) TMf Sn*:^ U 5 h*MIK#:^^ (A~ 
F ) ^N-^^;i/b!n u FXNMP) feb<«r-^?n9^ h > ( r 
-BL) ^ B B H iefaBSl3!l£Sl5£bfc 0 jg**8lfcSt. 

<HifiM 1 0 ~ 1 5 > 

HJS^d 4 ~ 9 T# 6 n^i^^BBlRl^SSI^^ ^ ^*«±{C^ fcf > 
80t$fc» 2 5 0 tti^ILT^'J -f 5 Kii^I 

0 -CT 1 0 1 8.0t^fcli2 5 OtTl E$ n Jn 3 b T i£f - & 

(l+cos0) x TL = 2 (rs d xr L p ) 1/2 + 2 (rs d Xr L p ) 1/2 
TL=rL d +rL p 
rs=rs d +rs p 
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e 




T L 


• ife fit (P> ^ T5T -Ji 
» flx. w- 5x Iflj jK yJ 


r L d 




r l p 




r s 


; iI©SI3iA 


T s 




~ p . 
T s , 





7k(Dmmmtl (tl=72.8, TL d = 21.8^ Tl d =51.0) (dyn/cm) , 3 
^-ffc^ ^1/>©«®5S^3 (r l=50. 8, TL d = 49.5, Tl d =1.3) (dyn 

(1+COS0!) X72. 8 = 2 (rs d X21. 8) 1/2 + 2 ( rs d X51. 0) 1/2 
(l+cos0 2 ) X50. 8 = 2 (rs d X49. 5) 1/2 + 2 ( rs d Xl. 3) 1/2 

r s d > r s D £*ae>, r s =rs d +rs p iD^u-fSHilo 
*®.x * ;p ^ - £ M m V e 

(DM^\%^kT (O^m-^n-o fCoZfU^JV hM<DMl£WA(D&5 \Zft-D 

=bb<ttr-^^o^^ h >T%r%Rv,mmMm 3-1 owt%©tt 
o'ctri o 1 8 ox:^rc\t2 5 orTiPtrainfMSL-risi— & 

^U-TS F^^^^^^-Brfeo Cl©^Bi^^^^ t*>^'^, 5 0 p. m 

;i/^*hM:ZL 1-2 2 9 3) ^ftAlt*^t hDf^feKtt 
Tls^^-TXiBlSiUfe-fe^^^fiKUfco £ <9 iz ;nc o V* T , 95t5 
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mm t -j v ^)i> h m & m b it o 
est. 

<ifcl8i0ijl> 

2jt U -f 5 H Oigjt 
(■n J&M 7 ) 




25 



j8} 

v J TS> {8} (1. 08g, 2. 50mmol) , 2, 2'-tfX C4-<4-T^/7 
x/^vO 7i-iH funy (1. 03g, 2. 50mmol) , 1, 2, 3, 
^ >5r h >m — *StK^I (0. 98g, 5. OOmmol) , N-*^;H£n 

U F> (17. 31b) Si&Tjf *£bSiS&-£-M/ft£fT 

& 1 5wt 5 h'ilft^tG^ifc.^O^iOttgti 1 

2 8 m P a • s (2 5t : Elf^ff) TSOx GPC^fc«k0S!l3t 

38800T^ofco 

(^^^J 8 ) 

i>? 5 > { 8 } (0. 54g, 1. 25mmol) , 2, 2'-tfX C4- (4-7 5 / 7 
xy^vO 7xn;iO ^n/O (1. 54g, 3. 75mmol) > 1, 2, 3,4->-^a 
b >^-^tK# (0. 98g, 5. OOmmol) , N-^^JUfD 
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u h > (17. i lg) & jb m.M.-?mwvmm&fcj&$:ft mm^m 

2 7 m P a ♦ s (2 5t : Eitg^) GPC m\Z ckOilS 

LfcM^a-'f 7 6 8oot&o*io 

9 ) 

y75> {8} (0. 33g, 0. 75mmol) „ 2, V -M7 14- (4-T $ 7 7 
x7^>-) 7x-JH ^D/O (1. 74g, 4. 25mmol) , 1, 2, 3, 4—> 7 u 
>5r h ^^j;P^>M — (0. 98g, 5. OOmmol) , N-^^JVlf n 

U H> (17. 03«) £JBV>, £i&*eft#LS«&£-£j££fr^ 

mi 5wt%©^H5 i z.<Dmm<D*t;mu 1 

2 8 0 m P a • s (25 t C:E g«f£fff-) T & D , GPCSCiDI 
^bfcll¥^^flttl 2 9 0 0 OT&^fco 

(-a-gg^j io) 

y75 > { 8 } (0. llg, 0. 25mmol) . 2, 2 ' - tf ^ [4- (4-T S. 7 7 
i/^y) 7^-)Vl ~7u/\> (1. 95g. 4. 75mmol) , 1, 2. 3, 4-zs 7 u 
7? >T h ? * )l>#>Wl-m7km (0. 98g. 5. OOmmol) , N-^?;Hf D 

u h> (i6.95g) ^ja-c»#baffi-&s^^ff vi, mmftm 

|14wt%0#H5 F fit J ^f#7to^©^MO^^«2 

8160mPa-s (25t:EMfi|f) TSD, GPC^tcJ;?) 

9 7 6 0 0 T'feo fc. 

<Jfc«09 2 ~ 5 > 

Jfctfcfll 1 (&&m 7-10) X-nzntztf U -f 5 HfJI^il (G 
~ J ) V>T»- *ISM 4-9 tR|«|©«jfi^Sfc«J: D SEISMS 

<ittt« 6 ~ 9 > 
i£ 1% SB Ip] flU © 9E is 

Jt««2~5-ef§snfc«taiBifii^aS!i^^jfi«ii o~i 5 tm 
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mmi&m. (nmp : t-bd mm. (m-pa-s) w&tm& (wt%) 



4 


A 


8:2 


24.3 


4. 10. 


5 


B 


8:2 


24.9 


3.98 


6 


C 


8:2 


28.2 


2.80 


7 


D 


8:2 


17.3 


2. 60 


8 


E 


8:2 


27.7 


5.67 


9 


F 


8:2 


35.6 


4.44 












2 


G 


8:2 


21.6 


7. 03 


3 


H 


8:2 


18.3 


4.53 


4 


1 


8:2 


23.9 


3.90 


5 


J 


8:2 


22.7 


2.00 
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m 2 w&<DM7Mmm&m 



7j< BOit^uy 



(dyn/cm) 



1 0 



1 1 



1 2 



1 3 



1 4 



1 5 



tt8cB9 
6 



8 



{5} (50) 

{5} (25) 

{5} (15) 

{5} (5) 

{7} (50) 

{7} (25) 



{8} (50) 

{8} (25) 

{8} (15) 

{8} (5) 



97.7 
93.6 
93.3 
91.8 
87.9 
90.7 
82.5 
82.3 
97.9 
92.5 
95.9 
91.1 



89.4 
89.6 
81.9 
82.4 
80.2 
73.8 
72.6 
64.4 



56.1 
52.7 
54.5 
51.5 
51.7 
50.9 
46.6 
41.6 
58.1 
51.8 
54.8 
53.5 



51.8 
49.6 
46.2 
42.7 
42.3 
40.5 
30.3 
31.3 



30.8 
32.8 
31.8 
33.5 
33.8 
33.9 
37.2 
39.5 
31.7 
34.7 
33.6 
33.1 



33.6 
34.7 
37.5 
39.0 
39.7 
42.1 
46.2 
48.7 
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10 4 {5} (50) 89.9 . 89.9 

89.7 89.1 

11 5 {5} (25) 89.8 89.8 

82.9 81.9 

12 6 {5} (15) 81.6 59.2 

62.9 42.5 

13 7 {5} (5) 4.2 4.0 

6.3 6.9 

14 8 {7} (50) 89.5 89.6 

72.0 56.0 

15 9 {7} (25) 88.3 81.6 

69.0 65.8 

imm 

mm 

6 2 {8} (50) 89.4 89.7 

88.6 88.9 

7 3 {8} (25) 69.4 41.4 

34.2 12.5 

8 4 {8} (15) 3.2 3.3 

4.8 5.9 

9 5 {8} (5) 1.3 1.5 

3.6 4.8 



* ±fsi 8 ox: i ^mmmiz<t:z>imi8. TK2 5 o«c 1 mimmmiz^mifS. 

* U-rn<D-k;Ut)^cD±<75:lv^-ggi£|^^n>£: 
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i . -jKsi [ i ] 

H 2 N-R 1 — NH 2 




R 3 lOtiST^ X) , X 'fe ck t£X 2 te 2 tiff ©tllT 

$ n •& 5? x 5 >it^m o 

2 . — «5£ [4 ] 




OSf, X s «¥^-^> - O -s -OCH,-, -CH.O-, -CO 
OCH a -2St^-CH a OOC-«kD Stfn* 2ffi©#aSTa&D, 
•X 6 «¥*§-&, -O-iDItftl52f(Dflil!j0, X 3 tel^ 
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